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(54) Transmission of notification signals to user terminals in a telecommunications network 



(57) A telecommunications satellite 14 in an earth 
orbit, includes a traffic communication signal trans- 
ponder system 112 operative to receive telecommuni- 
cation traffic signals over a feeder link from a land earth 
station 18, and retransmit them onwardly for reception 
by user terminals 16, and a notification signal trans- 
ponder system 110 responsive to notification signals 
(HPN) received over the feeder link, which provide noti- 
fication to the user terminals selectively of a communi- 
cation thereto, for example, to provide a short message 



notification or a notification of a failed communication 
attempt. The notification signal transponder system 110 
is operative to retransmit the notification signals 
onwardly for reception by the user terminals 16 selec- 
tively at high power to achieve a higher signal penetra- 
tion than the telecommunication traffic signals. The 
signal handling capacity of the notification signal trans- 
ponder system 1 1 0 is adaptively variable in response to 
the number of notification signals to be processed. 




FIG. 1 



ox (UK) Business Service: 



1 



EP 0 915 576 A1 



2 



Description 

[0001] This invention relates to the transmission of 
notification signals to user terminals in a telecommuni- 
cations network, for example a satellite telecommunica- s 
tions network, in order to provide notification at the user 
terminal that communication is being attempted, for 
example in the event that a communication attempt has 
failed or to provide a short message for display at the 
user terminal. io 
[0002] Terrestrial cellular communication systems are 
well known in the art and a number of standards exist 
which define different signalling protocols for them, such 
as the GSM standard and the PCN standard. Details of 
these standards are given for example in "Mobile Radio is 
Technology" by Gordon White, Buttenworth Heinemann, 
1994. The GSM and PCN systems are digital communi- 
cation systems and allow paging and data communica- 
tions in addition to voice communications. In the GSM 
system, a short message service (SMS) is provided for 20 
transmitting short messages to mobile terminals. 
[0003] Mobile satellite communication systems have 
also been proposed in which radio frequency links are 
provided by a constellation of satellites. These satellite 
communication systems provide much greater cover- 25 
age than terrestrial cellular systems. One example of 
such a system is the ICO™ system, aspects of which 
are described in patent publications WO 95/28747, WO 
96/03814 and GB 2 295 296A. Other examples include 
the Inmarsat™ satellite system as described in "Satellite so 
Communications : Principles and /Applications" by Cal- 
cutt and Tetley, published 1994 by Edward Arnold, the 
Iridium™ satellite cellular system, described for example 
in EP-A-0365885, and the Odyssey™ system described 
for example in EP-A-0510789, EP-A-0575678 and EP- 35 
A-0648027. 

[0004] However, in both terrestrial and satellite mobile 
communication systems, it is not always possible to 
communicate with a mobile user, since the received sig- 
nal strength at the mobile user terminal may be severely 40 
attenuated, for example by blockage or multi-path fad- 
ing. Furthermore, the gain of the user terminal may be 
low, for example because the user terminal antenna is 
reti-acted or not deployed in the optimum position. 
[0005] A solution to this difficulty is described in our 45 
GB 9624104.7 in which a high power notification signal 
is transmitted to the user terminal in order to provide a 
notification to the user that communication is being 
attempted. The high powered notification (HPN) may be 
used for a number of different purposes, such as to indi- so 
cate the failure of an attempt to transmit a short mes- 
sage (SMS) to the user terminal to alert the user 
terminal to the fact that an incoming voice, fax or data 
call has failed to reach the user terminal, or to broadcast 
predetermined data to user terminals in a particular cell 55 
area. The contents of GB 9624104.7 are herein incor- 
porated by reference. 

[0006] For a satellite system, each satellite can typi- 



cally handle 4,000 calls simultaneously but has only a 
limited power supply from its solar cells and back up 
batteries, so saving signal power is a major considera- 
tion. In the systems disclosed in our GB 96241 04.7, sig- 
nal communication between the satellite and the user 
terminal can be at three different levels, as a function of 
the link margin for the communication link. The link mar- 
gin is defined as the excess signal energy to noise den- 
sity ratio needed adequately to decode a message in a 
line-of-sight channel. For normal penetration, the link 
margin is typically of the order of 7 ~ 8dB to compen- 
sate for fading etc. that occurs during normal telecom- 
munication fraffic between the satellite and the user 
terminal. Normal penetration is used for the usual com- 
munication traffic between the satellite and user termi- 
nal. For medium penetration, the link margin is of the 
order of 18dB. Medium peneti-ation is used to hail the 
user terminal and for paging. High penetration is used to 
transmit the aforementioned HPN signals and has a link 
margin of the order of 30db. 
[0007] The required link margin can be achieved by 
increasing the signal sti-ength and also by repeating the 
signal so that over a period of time, it can be received 
with an acceptably low error rate. 
[0008] It is proposed to use a HPN transponder in the 
satellite, to which a relatively large proportion of the sat- 
ellites power resource is allocated e.g. 20%. This fixed 
resource means that only 80% of tiie available power 
can be used for normal peneti-ation and medium pene- 
tration signal traffic. 

[0009] Also, for the user terminal, resources need to 
be allocated to detect HPN signals at predetermined 
times in the signal fraffic, which undesirably restricts 
use of the power resource of the user terminal. 
[0010] In accordance with the invention, it has been 
appreciated that the notification signal resource need 
not necessarily require a fixed power resource but can 
in fact be allowed adaptively to change in dependence 
upon the level of notification signal traffic. 
[0011] In accordance with the invention form a first 
aspect, there is provided a ti^ansponder configuration for 
use in a mobile telecommunications system, compris- 
ing: a traffic communication signal transponder system, 
operative to receive telecommunication traffic signals 
and retransmit them onwardly for reception by user ter- 
minals, and a notification signal transponder system, 
responsive to received notification signals which pro- 
vide notification to the user terminals selectively of a 
communication thereto, and operative to retransmit the 
notification signals onwardly for reception by the user 
terminals selectively, the signal handling capacity of the 
notification signal transponder system being adaptively 
variable in response to the number of notification sig- 
nals to be processed. 

[0012] The adaptive signal handling capacity of the 
notification signal transponder system, allows the power 
resource required by the notification signal transponder 
system to be reduced when the notification signal traffic 
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reduces, and consequently, the unused power can be 
reallocated for other purposes, e.g. to process addi- 
tional calls. 

[001 3] The invention also includes a telecommunica- 
tions satellite for being placed in an earth orbit, includ- 5 
ing a traffic communication signal transponder system, 
operative to receive telecommunication traffic signals 
and retransmit them onwardiy for reception by user ter- 
minals, and a notification signal transponder system, 
responsive to received notification signals which pro- io 
vide notification to the user terminals selectively of a 
communication thereto, and operative to retransmit the 
notification signals onwardiy for reception by the user 
terminals selectively, the signal handling capacity of the 
notification signal transponder system being adaptively is 
variable in response to the number of notification sig- 
nals to be processed. 

[0014] The adaptive nature of the notification signal 
transponder system can be used to achieve power sav- 
ings at the user terminal. 20 
[001 5] More particularly. In accordance with the inven- 
tion, there is provided a user terminal for a telecommu- 
nications network wherein telecommunications signals 
are transmitted to the terminal and to other such termi- 
nals over a wireless link, and the terminal is responsive 25 
to notification signals which provide notification to the 
user terminals selectively of a communication thereto, 
the notification signals being transmitted in a sequence 
which is of a length dependent on the traffic of notifica- 
tion signals to be transmitted to different user terminals so 
together with synchronisation signals that indicate a 
period within the sequence when the notification signal 
is to be expected, for the terminals Individually, the user 
terminal including: a receiver system operative to derive 
from the synchronisation signals a timing signal which 35 
indicates a period in the sequence of the notification 
signals, when a notification signal for the user is to be 
transmitted, and a controller operative to render the 
user terminal selectively responsive to notification sig- 
nals reaching the terminal for a duration con-esponding 40 
to said period. 

[001 6] The invention also Includes a method of trans- 
mitting notification signals to be received by Individual 
user terminals, which provide notification to the user ter- 
minals selectively of a communication thereto, the noti- 45 
fication signals being transmitted in a sequence which is 
of a length dependent on the traffic of notification sig- 
nals to be transmitted to different user terminals, the 
method including transmitting synchronisation signals 
that indicate a period within the sequence when the so 
notification signal is to be expected for the terminals 
individually 

[001 7] The invention also provides a transmission sta- 
tion for a telecommunication system for transmitting 
notification signals to individual user terminals which 55 
provide notification to the user terminals selectively of a 
communication thereto, including: a transmitter opera- 
tive to the transmit notification signals to be received by 



the individual user terminals, the notification signals 
being transmitted in a sequence which is of a length 
dependent on the traffic of notification signals to be 
transmitted to different user terminals, the transmitter 
also being operative to transmit synchronisation signals 
that indicate a period within the sequence when the 
notification signal is to be expected, for the terminals 
individually. 

[0018] In order that the invention may be more fully 
understood an example thereof will now be described 
with reference to the accompanying drawings in which: 

Figure 1 is a schematic diagram of a mobile satellite 
system network Including a short message service 
centre, in an en*odiment of the present invention; 
Figure 2 is a sequence diagram of the transmission 
of an HPN signal following an unsuccessful attempt 
to deliver a short message in the network of Figure 
1; 

Figure 3 Is a diagram of a high penetration channel 
frame format in the sequence of Figure 2; 
Figure 4 is a schematic diagram of the user terminal 
in the network of Figure 1 ; 
Figure 5 is a diagram showing the width of a high 
penetration message slot in the format of Figure 3 
and of the active time virindows necessary to 
receive the message; 

Figure 6 is a diagram of the frequency signal acqui- 
sition window applied by the user terminal of Figure 
4; and 

Figure 7 is a schematic diagram of one of the satel- 
lites in the network of Figure 1 . 

Network 

[001 9] Figure 1 shows schematically part of a satellite 
communications network used for communication of 
short messages and high-penetration notification mes- 
sages to a mobile user. 

[0020] A fixed user 2 Is connected to a public service 
telephone network (PSTN) 4. By dialling an appropriate 
number, the fixed user 2 is connected through the PSTN 
4 to a short message service (SMS) service centre 6, 
which controls the sending of short messages to a 
mobile user by selecting the most appropriate network 
connection. By communicating with a home location 
register (HLR) 8, the SMS service centre 6 is able to 
otrtain location and customer profile information relating 
to the called mobile user. 

[0021] The SMS service centre 6 is connected by 
appropriate communications links to one or more 
mobile communications networks which allow commu- 
nication with mobile terminals. For example, the SMS 
service centre 6 may be connected both to a terrestrial 
cellular network conforming to the GSM standard and 
supporting the GSM short message service and to a 
mobile satellite system and may preferentially select the 
terrestrial cellular network when the mobile terminal is 
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in range thereof. 

[0022] The SMS service centre 6 may also receive 
short message requests from mobile users, for example 
via a terrestrial cellular network or a mobile satellite sys- 
tem. 5 
[0023] In Figure 1 , the SMS service centre 6 (SMS-sc) 
is connected to a mobile satellite system, such as the 
ICO™ system, which provides a messaging service 
including high penetration messaging. The mobile satel- 
lite system (MSS) 10 includes a plurality of satellite io 
access nodes 12a, 12b which provide radio frequency 
communications links to a constellation of satellites 1 4a, 
14b, 14c, at least some of which are in line-of-sight with 
a mobile user terminal 16 and enable wireless commu- 
nications between one of the satellite access nodes 12 w 
and the user terminal 16. 

[0024] In one example described in GB 2.295,296A 
there are twelve satellite access nodes 12 located in 
optimal positions throughout the world. The satellite 
constellation comprises ten operational satellites in six- 20 
hour orbits in two orbital planes, each inclined at 45° to 
the equator. One spare satellite is provided in each 
plane. The arrangement of satellite access nodes 12 
and satellites 14 provides a mobile satellite service with 
global coverage. Alternative mobile satellite systems, 25 
such as the Iridium™, Inmarsat™ or Odyssey™ systems 
may be used. 

[0025] Each satellite access node (SAN) 1 2 includes 
a land earth station (LES) 18a, 18b with multiple direc- 
tional antennas which track some or all of the satellites 30 
14 which are in view. Each satellite access node 12 also 
includes a mobile satellite switching centre (MSSC) 20 
which routes communications traffic to other satellite 
access nodes and to gateways owned by third party 
operators who are authorised to access the mobile sat- 35 
ellite system. The SMS service centre 6 Is an example 
of one such gateway. Each MSSC 20 is connected to a 
visitor location register (VLR) 22, which comprises a 
database of details of user terminals 16 which are 
logged on to that satellite access node 12. 4o 
[0026] Information obtained from the HLR 8 identifies 
with which satellite access node 12 the user terminal 16 
is registered and the SMS service centre 6 routes a 
message to the appropriate satellite access node 12 on 
the basis of that information. At that satellite access 4s 
node 1 2, the mobile satellite switching centre 20 obtains 
more specific information from the VLR 22 to determine 
the location of the user terminal 16 more accurately and 
to determine to what type of message service the user 
terminal 16 has sutscribed. This information deter- so 
mines how the satellite access node 12 will communi- 
cate with the user terminal 16, as discussed in more 
detail below. 

High Penetration Notification 55 

[0027] A high penetration notification service is con- 
trolled by a high penetration notification (HPN) service 



centre 24 which communicates with the MSSC 20 and 
with the LES 18 of each satellite access node 12. 
[0028] A high penetration notification (HPN) is a mes- 
sage which is transmitted by one or more of the satel- 
lites 14 with a substantially higher link margin than is 
used for short messages, voice or data traffic. 
[0029] For example, normal voice and data channels 
have sufficient link margin to be received by a hand-held 
user terminal in operational position with its antenna 
deployed, in direct line of sight to a satellite, or with light 
shadowing or fading for example, 7 ~ 8dB. This is 
referred to as normal penetration. Short messages and 
control channels have sufficient link margin to be 
received by a handheld user terminal in a non-opera- 
tional position, such as in a suitcase and/or with its 
antenna retracted and/or with medium/light radio shad- 
owing or fading for example 18dB. This is refen-ed to as 
medium penetration. A high penetration notification is 
used to send information to the user terminal 16 in situ- 
ations where it may not be able to receive any other traf- 
fic, such as when the user terminal 16 is inside a 
building, in heavy radio shadowing or fading from any of 
the satellites 14 and with its antenna retracted. The link 
margin of a high penetration notification gives sufficient 
penetration to allow reception and decoding of data by 
the user terminal in these circumstances. For example, 
the link margin may be 30dB. The link margin is a func- 
tion of the transmit power and may additionally be 
increased by coding, such as convolutional coding, in 
which the signal transmission is repeated a number of 
time in order to achieve a satisfactory bit error rate in the 
signals received by the user terminal 16. 

HPN after Short Message Failure 

[0030] One example of the use of a high penetration 
notification message will now be described with refer- 
ence to Figures 1 and 2. At step 30, a message is trans- 
ferred from the fixed user 2 to the SMS service centre 6. 
The message includes an identity code, such as a tele- 
phone number, which identifies the intended recipient, 
in this case the user terminal 16. At step 32, the SMS 
service centre 6 sends information identifying the user 
terminal 16 to the home location register 8, which 
replies with routing information such as the identity of 
the satellite access node 12 with which the user termi- 
nal 16 is registered. At step 34, the SMS service centre 
6 fonwards the message from the user 2 to the mobile 
satellite switching centre 20 of the satellite access node 
12 identified by the home location register 8, together 
with information identifying the user terminal 16. 
[0031 ] At step 36, the mobile satellite switching centre 
20 accesses the visitor location register 22, extracts 
therefrom detailed information on the location of the 
user terminal 16 and determines whether the owner of 
the user terminal 16 has subscribed to the short mes- 
sage service. At step 37, the message is sent to the 
LES 18 together with information relating to the 
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expected location of the user terminal 16. 
[0032] At step 38, the LES 1 8 selects a satellite which 
is likely to achieve transmission of the message to the 
user terminal 16 and selects a beam generated by that 
satellite 1 4 which covers the location of the user term!- s 
nal 1 6 at that moment. TTie message is then sent via the 
selected satellite 14 to the user terminal 16. 
[0033] The LES 1 8 detects whether any acknowledge- 
ment of the message is received from the user terminal 
1 6 within a predetermined period t1 . If no such acknowl- io 
edgement is received, a failure signal is sent, at step 40, 
to the mobile satellite switching centre 20, which then 
sends, at step 42, a failure report to the MES service 
centre 6, which may in turn send a failure report 44 to 
the fixed user 2. In response to the failure report at step 15 
42, the SMS service centre 6 updates the HLR 8 to 
include the information that the user terminal 16 is cur- 
rently not responding to short messages. 
[0034] In response to the paging failure at step 40, the 
mobile satellite switching centre 20 forwards the mes- 20 
sage contents to the HPN service centre 24 in an HPN 
request, at step 48. The HPN service centre 24 then 
requests location information, together with other infor- 
mation needed for sending an HPN message, from the 
mobile satellite switching centre 20, at step 50. The 25 
mobile satellite switching centre 20 obtains the required 
information from the home location register 8 at step 52 
and from the visitor location register 22 at step 54, and 
sends the required information to the LES 18 at step 56. 
[0035] At step 58, the HPN service centre 24 gener- 30 
ates an HPN message derived from the original mes- 
sage which was transferred at step 48, and the LES 18 
sends the HPN message at step 60 to the user terminal 
16. The process of sending the HPN message at step 
60 will be described in more detail below. 35 
[0036] When the user terminal 16 receives the HPN 
message, it sends an acknowledgement signal to the 
LES 18 at step 62. In response to this acknowledge- 
ment, the LES 18 signals to the HPN service centre 24 
that the HPN has been acknowledged, at step 64, and 40 
thereby prevents further attenpts by the HPN service 
centre 24 to send an HPN message derived from the 
same original message. 

HPN Incoming Call Alerting 4S 

[0037] Alternatively, the HPN message may be gener- 
ated in response to failure to deliver an incoming voice, 
fax or data call to the user terminal 16. The process for 
delivering such calls is similar to the process for deliver- so 
ing short messages, as described above, except that 
the call is routed from the PSTN 4 to a gateway mobile 
satellite switching centre (GMSSC) which routes the call 
to a selected satellite access node 12. The LES 18 
sends a paging signal on a broadcast channel identify- 55 
ing the user terminal 16 to which the call is addressed. 
If no response is received from the user terminal 16 
within a predetermined time and the subscriber profile 



of the user terminal 16 includes HPN supplementary 
service, the mobile satellite switching centre 20 for- 
wards information relating to the call to the HPN service 
centre 24, in a similar manner to step 48 and the proc- 
ess continues as in the short message example 
described above, except that the HPN message con- 
tents do not contain a short message sent by a caller, 
but may instead contain information relating to the rea- 
son for the HPN request (e.g. failed incoming call) 
and/or the telephone number or identity of the caller. 
Repeated HPN requests resulting from further incoming 
calls from the same subscriber may be filtered out, as 
described below. 

HPN Broadcast 

[0038] The HPN message may be broadcast to more 
than one user terminal, for example to a defined user 
group or to all user terminals in a predefined area. HPN 
broadcasts are controlled by an HPN broadcast centre 
which communicates with each LES 18 in the same 
manner as the HPN service centre 24 or may form part 
of the HPN service centre 24. The HPN broadcast cen- 
tre receives broadcast information from external infor- 
mation providers and controls the generation and 
scheduling of HPN broadcast messages. 
[0039] No acknowledgement is required to HPN 
broadcast messages. 

Diversity 

[0040] Referring to Figure 2, if no acknowledgement is 
received by the LES 18 at step 62, HPN service centre 
24 commands the LES 18 to retransmit the HPN mes- 
sage after a predetermined short delay, for example in 
the next transmission phase cycle of the HPN channel. 
The delay may be determined according to the traffic 
load on the LES 18. Alternatively or additionally, the 
HPN message is resent by the LES 18 after a longer 
delay sufficient to allow the satellites 1 4 to move so that 
their direction from the user terminals 16 has changed 
significantly The HPN message may then be repeated 
after the short delay 

[0041] If no acknowledgement is received from the 
user terminal 16 after a predetermined number of 
retransmissions of the HPN message, the HPN service 
centre 24 controls the LES 18 to retransmit the HPN 
message through another satellite 14 if the user termi- 
nal 16 has subscribed to this level of service. Although 
the user terminal 1 6 may not be able to receive an HPN 
message from the satellite 14a through which the HPN 
message was first transmitted, it may be able to receive 
the message through the second satellite 14b. The 
message is repeated a predetermined nun*er of times, 
dependent on the traffic load, the priority of the mes- 
sage, and the subscription details of the user terminal 
16, through the second satellite 14b until the LES 18 
informs the HPN service centre 24 when an acknowl- 



5 



9 



EP 0 915 576 A1 



10 



edgement is received. 

[0042] Optionally, if no acknowledgement is received 
from the user terminal 16 after a predetermined number 
of repeats when transmitting through the first or second 
satellite 14a or 1 4b or another satellite, the HPN service 
centre 24 routes the HPN message through an alterna- 
tive one of the satellite access nodes 12b, for example 
for transmission through one of the satellites 14c which 
is in view of the user terminal 16. This may be required 
when the third satellite 14b is not in view of the first sat- 
ellite access node 12a. Any of the above diversity tech- 
niques may be used alone or may be combined in any 
sequence. 

HPN Filtering 

[0043] The HPN service centre 24 detects whether an 
HPN request has occurred for the same reason as a 
previous HPN request, by comparing the contents of the 
HPN request with a database of previously received 
HPN requests. For example if the short message con- 
tent and subscriber identity is the same as those of a 
previously received HPN request, this indicates that 
either the fixed user 2 or the SMS service centre 6 
attempted to repeat the same short message. If the 
HPN request resulted from incoming call failure, then 
the HPN service centre detects whether a previous 
HPN request has already been received relating to a 
call attempt from the same user 2 to the same user ter- 
minal 16. 

[0044] In either case, the repeated HPN request is 
ignored by the HPN service centre 24. Alternatively the 
repeated HPN request may be ignored only if the 
number of repeated requests exceeds a predetermined 
number. 

HPN Request Contents 

[0045] The HPN request sent to the HPN service cen- 
tre 24 at step 48 includes the following information: 

1 . Identification of the subscriber to which the short 
message is directed, which may be of the same for- 
mat as the IMSI (International Mobile Subscriber 
Identity) and the TMSI (Temporary Mobile Sub- 
scriber Identity) defined in GSM Technical specifi- 
cation 03.03. The TMSI is allocated by the VLR 22 
when the user terminal 6 registers at the corre- 
sponding LES 18. 

2. The mobile station international ISDN number, 
which may be of the same format as the GSM 
MSISDN. 

3. The HPN siAscrlption details of the subsaiber, 
such as the priority to be assigned to the HPN mes- 
sage. Preferably there are only two levels of prior- 
ity: standard and high. 

4. Location Information relating to the user terminal 
6, such as latitude, longitude, location area Identifi- 



cation or cell global identification. 

5. Information relating to the reason for the HPN 
request, such as failed short message or incoming 
call, and the type of service that triggered the HPN 
request, such as voice, facsimile or short message 
service. 

6. Additional information for compiling the HPN 
message. For example, if the HPN request resulted 
from a short message failure, the additional infor- 
mation Includes ttie header and content of the orig- 
inal short message. 

HPN Message Contents 

IS [0046] The HPN service centre 24 receives the origi- 
nal message and may derive the contents of the HPN 
message from the original message or may generate an 
HPN message Independently of the content of tiie orig- 
inal message. For example, tiie HPN service centre 24 

20 may discard the content of the message and generate a 
simple notification signal as the HPN message. In this 
case, the HPN message indicates simply to ttie user ter- 
minal 16 that an attempt has been made to communi- 
cate with it. Alternatively the HPN message may consist 

25 of the telephone number of the fixed user 2, a truncated 
version of the original message or a user message tag 
which indicates one of a set of messages previously 
stored at the user terminal 16 (e.g. "I'm on the next train 
home"). 

30 

HPN Messaoe Burst 

[0047] The HPN message is ti-ansmitted by the LES 
18 In a message burst, consisting of a synchronisation 
35 preamble, system and satellite information, message 
data and error check data. The satellite information 
includes a code Identifying the satellite used to transmit 
the HPN message. 

[0048] The system information block may further 
40 Include an acknowledgement channel frequency refer- 
ence and an acknowledgement channel time delay ref- 
erence, which informs ttie user terminal 16 which 
frequency to use for sending the acknowledgement sig- 
nal, at step 62, and how long to delay before sending 
45 the acknowledgement. 

HPN Transmission Channel 

[0049] The timing of tiie HPN transmission channel, 
50 as transmitted by one of ttie satellites 14, Is shown in 
Figure 3. The high-penetration message bursts HP 
denoted D are interleaved witti broadcast channel 
bursts (BCCH) which form a medium penetration broad- 
cast channel for control information sent to all user ter- 
55 minals within a specific geographic region. The high 
penetration message bursts D consists of a sequence 
of HPN frames HPN^ - HPN^, in which each HPN frame 
contains a message burst intended for an individual 
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user terminal such as the terminal 16. TTie number of 
HPN frames that are transmitted in the period D is vari- 
able depending upon the notification traffic at any partic- 
ular time. Synchronisation data S transmitted during the 
period F that precedes the period D, contains data con- 
cerning the HPN frame number for individual user termi- 
nals, In order to enable each user terminal to read HPN 
data from the relevant frame In the sequence of HPN 
frames which make up the period D. The data transmit- 
ted during period F may Include data relating to an inter- 
leaving factor F, which indicates the length of the overall 
period D. For example, the period D may be half or a 
quarter of the maximum allocated period depending on 
signal traffic, the interleaving factor being selected by 
the LESISa. 

[0050] It will be understood that the synchronisation 
data S transmitted In the period F is broadcast to all 
user terminals within a specific geographical area and 
permits the user terminal circuits to achieve synchroni- 
sation with the satellite, as will be explain in more detail 
hereinafter. Each HPN frame comprises a data slot pre- 
ceded by a synchronisation preamble burst F which pro- 
vides a frequency and timing reference. 
[0051] The timing of the broadcast channel and high 
penetration slots shown In Figure 3 Is referenced with 
respect to the satellite, so that the satellite Is never 
required to transmit both broadcast channel and high 
penetration bursts at the same time. In this way, the 
peak power requirement of the satellite is kept below a 
defined limit, and power fluctuations In the satellite are 
avoided. 

[0052] The user terminal 1 6 receives the system and 
satellite information and records the arrival time of the 
message burst. From this Information, the user terminal 
16 synchronises Its own transmit and receive burst tim- 
ing with that of the system. 

HPN Message Typ es 

[0053] The message burst contents further Include a 
temporary user ID which Identifies the user for which the 
message is Intended, and a message ID which Includes 
a message reference ID and a message type ID identi- 
fying the type of message to be sent. 
[0054] The data slot D may contain a whole message 
or part of a longer message. In the latter case, the mes- 
sage contents of a series of data slots D addressed to 
the user terminal 16 are concatenated by the user ter- 
minal 16 to reconstruct the original message. 
[0055] The message contents may be encrypted or 
scrambled so that only the user identified by the tempo- 
rary ID is able to decode the message. 
[0056] The message contents may be encoded so as 
to increase the effective link margin, for example by 
means of convolutlonal coding. 



User Terminal 

[0057] The operation of the user terminal 16, when 
receiving an HPN signal, will now be described with ref- 
s erence to Figure 4. The user terminal comprises a 
receiver 70, which demodulates RF signals received 
from an antenna 72 and sends the demodulated signals 
to a controller 74. The controller 74 sends signals, such 
as the acknowledge signal of step 62, to a transmitter 
10 76, which RF modulates the signal and outputs the RF 
modulated signal to the antenna 72 so that It Is transmit- 
ted. 

[0058] The controller 74 controls the frequency and 
timing of the receiver 70 and transmitter 76. The control- 
is ler 74 includes a clock from which the receive and trans- 
mit timings are determined. The clock is driven by an 
oscillator 78. Messages received by the receiver 70 are 
stored in a memory 79 and can be displayed on a dis- 
play 80, such as an LCD screen. The user controls the 
20 operation of the user terminal 1 6 by means of a key pad 
82, so as to retrieve, display and clear messages. The 
memory 79 also stores a look-up table of messages 
which are Identified by received message tags. 
[0059] The user terminal 1 6 may also include a micro- 
ns phone, earpiece, analog-to-digital and digital-to-analog 
converters and a codec so that It can be used as a 
mobile telephone. Alternatively, if the user terminal 16 is 
configured as a pager only, these additional parts may 
be omitted. 

Sleep Mode 

[0060] When the user terminal 16 is on standby and Is 
not being used for voice or data calls, the controller 74 

35 is normally In "sleep" mode In which the receiver 70 is 
switched off in order to conserve power, but periodically, 
determined by its clocK the controller 74 switches into 
an active mode in which the receiver 70 is switched on 
in order to be able to receive signals. The controller 74 

40 is normally synchronised with the mobile satellite sys- 
tem 10 so that it switches into active mode in synchro- 
nism with the arrival time of a frame HPN transmitted 
during the period D of Rgure 3, which is intended for the 
Individual user terminal 16. It will be understood that the 

45 data transmitted during the preceding period F shown in 
Figure 3 during previous transmissions, will have noti- 
fied the user terminal of the appropriate frame In the 
frame sequence HPN^ - HPNp, in terms of a time delay 
from the commencement of the period D. This informa- 

50 tion is stored in the user terminal in the controller 74 and 
is periodically updated as a by-product of signal trans- 
mission to the user terminal. Thus, the user terminal 16 
need only be switched from the sleep mode into the 
active mode for a very short period specifically selected 

55 to coincide with the arrival of the HPN frame number 
previously selected for the user terminal concerned. 
Thus, it is not necessary to wake up the user terminal to 
receive the entire period D, but only the relevant HPN 
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frame within the period D. This greatly reduces the duty 
cycle and hence the power consumption of the user ter- 
minal, thus greatly extending battery life during the 
sleep mode. 

[0061 ] As shown in Figure 5, a slot window SW is the s 
period during which the receiver 70 must be active to 
receive the relevant HPN frame (HPNj) in data slot D. An 
active window W, during which the controller 74 is in the 
active mode, is wider than the slot window SW to 
accommodate the maximum change in propagation io 
delay (the difference between the transmitting satellite 
being at minimum elevation above the horizon and 
being directly overhead). 

[0062] However, if the user terminal 1 6 is out of con- 
tact with the mobile satellite system 10 for an extended 15 
period, controller 74 gradually loses synchronisation 
with the mobile satellite system 10 as a result of the lim- 
ited accuracy of the oscillator 78 and uncertainties in 
the propagation time of signals from the satellites 14. 
The controller 74 increases the active time window as 20 
the period of being out of contact increases in order to 
allow for these uncertainties, for example to an 
extended time window W, but this increases the active 
duty cycle of the user terminal 16 and hence its power 
consumption. When the user terminal 16 receives an 25 
HPN message burst, the controller 74 synchronises its 
clock with the mobile satellite system 10 and can then 
reduce the size of its active time window back to the 
original time window W. 

[0063] Likewise, the frequency signal acquisition win- 30 
dow of the user terminal 16 increases as the duration 
since the last burst was received increases. As shown in 
Figure 6, the controller 74 expects to receive the next 
message burst at frequency f q. The transmitted signal is 
Doppler conpensated to the beam centre, but there will 35 
be a degree of uncertainty in the Doppler shift as a 
result of the position of the user terminal 16 in the beam 
relative to the beam centre. Hence, the controller 74 
must set a minimum frequency acquisition window Af 
around fo to take account of the Doppler uncertainty 40 
[0064] Moreover, the uncertainty due to drift in the 
oscillator frequency of the receiver 70 increases with 
time since the last message burst was received. Hence, 
the width of the frequency acquisition window is 
increased by the controller 74, for example to an 45 
extended frequency acquisition window Af, until the 
next burst is received and the frequency acquisition win- 
dow can be reduced to the original minimum width Af by 
determining the reference frequency of the preamble 
burst F 50 

Re- Registration 

[0065] If the user terminal 16 receives a message 
which carries its user ID, this indicates that an attempt ss 
has been made to establish contact with the user termi- 
nal 1 6, for example to deliver a short message. The user 
terminal 16 continues to monitor the broadcast channel 



BCCH broadcast by a satellite 14 until it is able to 
receive this channel with sufficient quality. The user ter- 
minal then sends a re-registration signal to the LES 18, 
indicating that the user terminal 16 is now able to 
access the network. 

[0066] The LES 1 8 determines from the re-registration 
request the current location of the terminal, for example 
by measuring the time delay and Doppler shift of the re- 
registration signal as received through the satellite 14, 
and updates the visitor location register 22 to record the 
user's current location. 

[0067] If the HPN message was sent in response to a 
failed short message, the mobile satellite switching cen- 
tre 20 then sends the original short message to the LES 
18 for transmission to the user terminal 16 over a short 
message service channel, with a lower link margin than 
is used for the HPN burst. 

[0068] If the HPN message was sent in response to 
the failure of an incoming call, the user terminal 16 may 
display to the user the caller identity which was sent in 
the HPN message and the type of sen/ice which caused 
the HPN message and may allow the user to call back 
the unsuccessful caller. For example, if the caller iden- 
tity includes the telephone number of the calling party, 
the user terminal 16 displays the telephone nun*er on 
the display 80 and the user need only press an "enter" 
or similar key on the key pad 82 to call back the unsuc- 
cessful caller. Alternatively, the GMSSC may attempt to 
re-establish the original call by calling both the calling 
party 2 and the user terminal 16 in turn and connecting 
them together. 

[0069] HPN messages are also generated automati- 
cally at the mobile satellite switching centre 20 in 
response to prompts other than a failed short message 
transmission, or incoming call. For example, the mobile 
satellite switching centre 20 determines from the visitor 
location register 22 which user terminals have not been 
in contact with the mobile satellite system 10 for more 
than a predetermined length of time, and generates re- 
registration request HPN messages addressed to those 
user terminals. In response to receipt of the re-registra- 
tion request HPN messages, the user terminals send 
re-registration requests to the LES 18 when they are 
able to receive registration channels. In this way, the 
locations of the user terminals logged on to the satellite 
access node 12 can be updated from time to time. 

Satellite 

[0070] The transmission power of the satellites 1 4 is 
limited by the power which is available from their solar 
arrays and from battery storage when the satellite 14 is 
in the earth's shadow. The high penetration notification 
bursts consume a significant proportion, as much as 
20%, of the total transmit power of the satellite 14. 
Therefore, each satellite 14 provides only one HPN 
transponder which is shared among the LESs 18 and 
among the transmit beams of the satellite 14. 
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[0071] As shown in Figure 7, eacli satellite 14 has a 
feeder link communication subsystem 100, which trans- 
mits and receives communications channels through a 
feeder link with the LES 18, by means of a feeder link 
antenna 98. 5 
[0072] The feeder link antenna 98 has a broad beam 
directive pattern covering substantially all of the earth's 
surface within the field of view of the satellite 14, so as 
to receive signals from any one of the satellite access 
nodes 12 within the field of view. The feeder link com- ro 
munications subsystem 100 is connected via a channel 
processing subsystem 102 to a multi-channel mobile 
communications subsystem 104, which controls a multi- 
beam antenna array 106. The mobile communication 
subsystem 104 and multi-beam antenna 106 generate is 
an overlapping array of spot beams over the coverage 
area of the satellite 14, which provide user links to 
mobile user terminals. 

[0073] The channel processing subsystem 1 02 maps 
feeder link channels from the feeder link communication 20 
subsystem 100 onto the multiple channels for the spot 
beams generated by the mobile communication subsys- 
tem 104, according to a resource management system 
105, including a channel assignment table which can be 
modified by signals received from the LES 18 via a ss 
telemetry, tracking and control (TT&C) subsystem 107 
of the satellite 14. The TT&C subsystem 107 receives 
channel assignment information from one or more of the 
LESS 18 by means of a TT&C antenna 108. 
[0074] As the mapped channels pass from the chan- 30 
nel processing subsystem 102, to the mobile communi- 
cation subsystem 104, they pass through a transponder 
subsystem 109. The transponder subsystem includes 
an HPN transponder 110 which amplifies a channel 
directed through it, to a level to achieve high penetra- 35 
tion. As previously mentioned, the HPN transponder 
110 may use up to a maximum of 20% of the satellite's 
power capacity The transponder subsystem also 
includes a transponder subsystem 111 for achieving 
medium penetration and a subsystem 112 for normal 40 
penetration. In practice, the subsystems 111 and 112 
may consist of a number of individual transponders with 
a selectable gain for use at power levels corresponding 
to medium or normal penetration. 
[0075] Details of an example of the satellite communi- 45 
cation system are given in patent publication number 
W095/28747. 

[0076] The output of the HPN transponder is con- 
nected to only one of the beams of the multibeam 
antenna 106 at any one time, as a result of the limit on so 
the instantaneous power of the HPN message burst. 
The beam to which the HPN transponder is connected 
can be selected for each HPN message burst, as will 
now be described. 

[0077] The feeder link communication subsystem 100 55 
allocates a dedicated frequency channel in the feeder 
link to HPN message bursts. The channel assignment 
table 105 comprises a data store storing a set of data 



triplets representing the beam assignment, the mobile 
link frequency assignment and the transponder gain for 
the HPN transponder. At a predetermined time before 
an LES 18 sends an HPN message burst, the LES 18 
transmits to the TT&C subsystem 107 a selection com- 
mand which identifies one of the data triplets in the 
channel assignment table. That data triplet determines 
in which beam, at what frequency, and with what gain 
the subsequent HPN message burst will be transmitted. 
The resource management subsystem 105 controls the 
channel processing subsystem 102 to allocate the indi- 
cated beam, frequency and gain to the HPN trans- 
ponder after a predetermined interval from the 
reception of the selection command, in synchronism 
with the reception of the subsequent HPN message 
burst so tiiat the HPN message burst is transmitted with 
that allocation. 

[0078] In this way, the HPN transponder can be 
assigned to any one of the spot beams, under control of 
any one of the LESs 1 8 within view of the satellite 1 4. 
[0079] As shown in Figure 6, the transponder subsys- 
tem 109 receives power from tiie satellite's electrical 
power supply 1 1 3. The power may be derived from solar 
panels and back-up batteries. As previously mentioned, 
the HPN transponder 110 may use up to 20% of the 
power resource provided by supply 113. 
[0080] However, in accordance with the invention, the 
length of each period D described previously in relation 
to Figure 3, during which HPN signals are transmitted, 
is adaptively variable depending on the level of HPN sig- 
nal traffic. Thus, when HPN signal traffic is relatively 
low, the period D is made shorter and hence the power 
requirement of the ti-ansponder 110 can be reduced 
from the 20% maximum allocation. The remainder of 
the power resource can then be distributed to the other 
transponders 111, 112 to improve their link margin, or 
can be used for other data transmission purposes. 

HPN Scheduling 

[0081] Since each of the LESs 18 within the line of 
sight of the satellite 1 4 is able to send an HPN message 
to that satellite 14 and is able to control ttie beam 
assignment for that message, negotiation between sat- 
ellite access nodes 12 is required so as to schedule tiie 
HPN resource between the satellite access nodes 12. 
[0082] The satellite access nodes 12 are intercon- 
nected by a network 23 shown in Figure 1, such as 
described in GB 2 295 296A. The network may com- 
prise telephone or ISDN lines, proprietary lines or any 
other type of connection which allows reliable communi- 
cations between the satellite access nodes 12. The sat- 
ellite access nodes 12 also communicate with each 
otiier via the C-to-C band links provided by the satellites 
14. 

[0083] At predetermined intervals, for example every 
five to ten seconds, each satellite access node 12 trans- 
mits to each of tiie other satellite access nodes 12 infor- 
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mation on the queued messages which that satellite 
access node 12 is ready to send. The information 
includes the location of the intended recipient user ter- 
minal, the frequency channel and time slot to be used in 
the mobile link, the length of the message and the prior- 5 
ity assigned to it. Each of the satellite access nodes 12 
compiles data on all of the queued messages waiting to 
be transmitted at any of the satellite access nodes 12. 
[0084] Each satellite access node 12 applies the 
same scheduling algorithm to the compiled list of mes- 10 
sages to determine the order in which the messages 
should be sent in the feeder link HPN channel. Since 
the same algorithm is applied to the same data at each 
satellite access node 12, the same decision is made at 
each satellite access node 12 on the order in which 15 
HPN messages are sent in the dedicated feeder link 
channel and the HPN burst can be transmitted by the 
LESS 18 to each satellite 14 without collision in the 
feeder link channel. The scheduling algorithm also 
determines the frequency and time slot assigned to the 20 
user terminal 16 for acknowledgement, so as to avoid 
collision between acknowledgement signals from user 
terminals 16. 

[0085] The scheduling algorithm also determines the 
HPN message traffic levels and selects an appropriate 25 
interleaving factor for transmission during the period F 
shown in Figure 3. Also, the schedule algorithm deter- 
mines the destination user terminals allocated to the 
HPN frames HPNi - HPN^ for the HPN frame transmis- 
sion period D shown in Figure 3. This information is also 30 
transmitted during the period F from the LES 18. Thus, 
the period D adaptively varies depending on the HPN 
traffic. 

[0086] Any messages which are not acknowledged by 
the respective user terminal 1 6 are kept in the queue of 35 
messages at each satellite access node 12 and will be 
included in the next list of messages sent to the other 
satellite access nodes 12. 

[0087] The HPN message burst provides synchroni- 
sation information to all user terminals 16 within the cov- 40 
erage area of a spot beam, and it is preferred that an 
HPN burst should be transmitted in each spot beam at 
intervals less than a predetermined maximum. The 
algorithm used by the satellite access nodes 12 deter- 
mines the ordering of the messages in accordance with 4S 
the spot beam to which the messages will be delivered, 
so as to ensure that all of the spot beams are allocated 
at least one HPN message within the maximum interval. 
If required, dummy messages are added to the mes- 
sage queue at one of the satellite access nodes to so 
ensure that this criterion is satisfied. If no HPN mes- 
sages are assigned to anytime slot, a dummy message 
is added to fill that time slot, so as to avoid power fluctu- 
ations in the satellite. 

[0088] While the above embodiments have been ss 
described with reference to a mobile satellite communi- 
cations system, aspects of the invention are also appli- 
cable to terrestrial cellular and non-cellular mobile 



communications systems. 

[0089] The apparatus of the communications system 
is described in terms of functional blocks. However, the 
skilled person will appreciate that the blocks do not nec- 
essarily represent discrete physical units but instead the 
functions of several blocks may be integrated or a single 
function may be distributed among discrete units. 
[0090] The above embodiment uses a TDMA channel 
format to separate message bursts in the HPN channel. 
However, the scheduling algorithm may also be applied 
to other multiple access formats, such as CDMA or 
spread spectrum TDMA. For example, the scheduling 
algorithm may determine the spread-spectrum code to 
be used for each message. 

[0091 ] Preferably the HLR 8 and the VLB 22 comprise 
HLR and VLR apparatus based on designs for use with 
a GSM system, to allow the use of off-the-shelf compo- 
nents and reduce development costs. Alternatively, 
equipment specifically developed for a mobile satellite 
system or a non-GSM terrestrial system may be used. 
[0092] References to mobile user terminals will be 
understood to include hand-held terminals, vehicle- 
mounted terminals including aeronautical and marine 
terminals, and temporary or permanent installations 
such as wireless telephone booths or stations or tele- 
phone networks connected to a wireless communica- 
tions link. 

[0093] Aspects of the present invention may be 
applied to mobile satellite systems such as the pro- 
posed Iridium™ and Odyssey™ systems. 
[0094] It will be understood that components of 
embodiments of the invention may be located in differ- 
ent jurisdictions or in space. For the avoidance of doubt, 
the scope of the protection of the following claims 
extends to any part of a telecommunications apparatus 
or system or any method performed by such a part, 
which contributes to the performance of the inventive 
concept as defined in the claims. 

Claims 

1 . A transmission station for a telecommunication sys- 
tem for transmitting notification signals to individual 
user terminals which provide notification to the user 
terminals selectively of a communication thereto, 
including: 

a transmitter (18) operative to the transmit noti- 
fication signals to be received by the individual 
user terminals, the notification signals being 
transmitted in a sequence (HPN^-HRNn) which 
is of a length (D) dependent on the traffic of 
notification signals to be transmitted to different 
user terminals, the transmitter also being oper- 
ative to transmit synchronisation signals (F) 
that indicate a period within the sequence 
when the notification signal is to be expected, 
for the terminals individually 
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2. A transmission station according to claim 1 wherein 
the transmitter (18) is operative to transmit the sig- 
nals towards an earth orbiting satellite for eventual 
reception by the user terminals, together with tele- 
communications traffic, and the transmitted signals 5 
include data for causing the satellite to transmit the 
notification signals to the user terminals with a 
higher link margin than the telecommunications 
traffic. 

3. A transponder configuration for use in a mobile tel- 
ecommunications system, comprising: 

a traffic communication signal transponder sys- 
tem (111, 112), operative to receive telecom- is 
munication traffic signals and retransmit them 
onwardly for reception by user terminals, and 
a notification signal transponder system (1 10), 
responsive to received notification signals 
which provide notification to the user terminals 20 
selectively of a communication thereto, and 
operative to retransmit the notification signals 
onwardly for reception by the user terminals 
selectively, the signal handling capacity of the 
notification signal transponder system being 25 
adaptlveiy variable in response to the number 
of notification signals to be processed. 

4. A telecommunications satellite for being placed In 

an earth orbit, including 30 

a traffic communication signal transponder sys- 
tem (111, 112), operative to receive telecom- 
munication traffic signals and retransmit them 
onwardly for reception by user terminals, and 35 
a notification signal transponder system (110), 
responsive to received notification signals 
which provide notification to the user terminals 
selectively of a communication thereto, and 
operative to retransmit the notification signals 4o 
onwardly for reception by the user terminals 
selectively the signal handling capacity of the 
notification signal transponder system being 
adaptively variable in response to the number 
of notification signals to be processed. 4s 

5. A satellite according to claim 4 including a power 
supply (113) which drives both of the transponder 
systems, the power supply being operative to pro- 
vide power to the notification system adaptively in so 
response to the number of notification signals to be 
processed. 

6. A satellite according to claim 4 or 5 wherein the 
notification signal transponder system is operative 55 
to transmit the notification signals (HPN) with a 
higher link margin than telecommunication traffic 
signals transmitted by the communication signal 



transponder system. 

7. A user terminal for a telecommunications network 
wherein telecommunications signals are transmit- 
ted to the terminal and to other such terminals over 
a wireless link, and the terminal is responsive to 
notification signals which provide notification to the 
user terminals selectively of a communication 
thereto, the notification signals being transmitted in 
a sequence (HPN^-HRNn) which is of a length (D) 
dependent on the traffic of notification signals to be 
transmitted to different user terminals together with 
synchronisation signals (F) that Indicate a period 
within the sequence when the notification signal is 
to be expected, for the terminals Individually, the 
user terminal including: 

a receiver system (70) operative to derive from 
the synchronisation signals a timing signal 
which indicates a period (HPN|) in the 
sequence of the notification signals, when a 
notification signal for the user is to be transmit- 
ted, and 

a controller (74) operative to render the user 
terminal selectively responsive to notification 
signals reaching the terminal for a duration (W) 
corresponding to said period. 

8. A method of transmitting notification signals to be 
received by individual user terminals, which provide 
notification to the user terminals selectively of a 
communication thereto, the notification signals 
being transmitted In a sequence (HPN^-HRNn) 
which is of a length (D) dependent on the traffic of 
notification signals to be transmitted to different 
user terminals, the method including transmitting 
synchronisation signals (F) that indicate a period 
within the sequence when the notification signal is 
to be expected for the terminals individually 

9. A method according to claim 8 wherein the syn- 
chronisation signal (F) precedes the sequence and 
contains synchronisation information bro^cast to 
all said user terminals. 

10. A method according to claim 8 or 9 including inter- 
leaving the sequence (HPNi-HPNn) with other sig- 
nals (BCCH) sent to the user terminals and 
including in the synchronisation signal data con- 
cerning the Interleaving thereof 

11. A method according to any one of claims 8 to 10 
including transmitting the signals from a land earth 
station (18) towards an earth orbiting satellite (14) 
for eventual reception by the user terminals. 
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